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This document represents the eleventh mon5hly report  covering the work on 
the  experimental program f o r  develoFment of ai "Osmotic S t i l l "  a d  
improvements i n  the performance cimracter is t ics  of the Ionics '  ~ u e l   em- 
brane Fuel C e l l  during the month of May, 1363. This ldevelopment work i s  
being accomplished under I Z A  - Lewis Research Center Contract Do. XAS 3-2551 
by the f k w  Product Research Department of TAPCO, and Ionic 's  Inc. as a 
subcontractor t o  TAPCO. 

I1 0VERAI;L PROGRESS 

A. Tapco Portion of Program 

1. The fabricat ion of a l l  component parts f o r  the 2 KW "Osmotic 
S t i l l "  with the exception of the gaskets has been completed. 

2. The construction of the tes t  rig required f o r  perfommce 
evduation of the 2 KW "Osmotic S t i l l "  has been completed 
and instrumentetion checkout i s  now i n  progress. 

3. Calibration of t he  flow rneters has been completed. 

3. fonics Portion of Program 

1. The ten-cell battery was assembled, run f o r  more than 100 hours, 
and delivered to  TAPCO. 
amps/ft2, a v o l t w e  of 7.75 

vol ts .  Battery perfommce corresponded t o  130 W a t t s  a t  
6.8 vo l t s  as compare6 t o  a specified minimum of 43.8 w a t t s .  

A t  the  design current density of 24 
0.18 w a s  maintained throughout 

the 130 h0U t r 3 S t  - C O i Q U S d  tG 8 S>eCifiC?d Elh'k l 'AEi Of 6.8 

2. P. reproducible procedure for  "temporas'ily'' improving ba t t e ry  
performance was developed. 3a t te ry  voltzge a t  24 amps;/ft2 
could be raised from 7.75 v o l t s  50 8.5 vol t s .  The bz t t c ry  
would slowly regress t o  7.75 vo l t s  over the next 18 hours. 

3. Design of the 2 W bat te ry  continued. 

4. Further experimentation on a f ive -ce l l  ba t te ry  w a s  undertaken 
t o  allow more accurate prediction of tine r a t e s  a t  xhich l iquid 
accumulates i n  the gzs streams. 

I11 CUFWCfTP PROBLEMS 

A. T q c o  Portion of Progrm 

1. There have been no major  technical  problems 3uring t h i s  rnporting 
period, however, 2rocurement of the gasksting =::;tsrisl for the 
2 KW "Osmotic S t i l l "  hes been delayed. This delay has prevented 
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gasket cu t t i ng  and "Still" assembly. 
is expected by mid-June. 

Receipt of t h i s  mater ia l  

B. Ionlcs Portion of Program 

1. Completion of 2 KW Dual Membrane Fuel Ce l l  design. 

2. Completion of final report  t o  TAPCO. 

N NEXT MONTH'S ElrPYZRTS 

A. Tapco Portion of Program 

1. Complete instrumentation checkout of t e s t  rig. 

2. C o q l e t e  checkout of t e s t  rig construction. ( leaks,  pump 
operation, valve operation, e tc .  ) 

3. Cut gaskets ,md assemble 2 KW "Osmotic S t i l l "  end i n s t a l l  
In  t e s t  r i g .  

4. I n i t i a t e  t e s t i n g  of "Still". 

B. Ionics  Portion of Program 

1. Complete 2 KW Fuel C e l l  Design. 

2. Complete F ina l  Report t o  TARO. 

V TESTRESULTS 

A. Tapco Portion of Program 

1. N o  t e s t  data was recorded during t h i s  report ing period. 

B. Ionic8 Portion of Program 

1. Ten-Cell 3a t t e ry  

The individual components of t he  10-cel l  ba t t e ry  are l i s t e d  i n  Table 1. 
The weights of the various cumponents are a l s o  l i s t e d .  
recal led that, as spelled out i n  the Statement of Work, no attempt w a s  
made t o  minimize weight or volume. 

The evaluation run on the ten-ce l l  ba t t e ry  was performed a t  24 amps/ft 
and ambient temperature. 
of the c e l l s  were recorded a t  i n t e rva l s .  These voltcages a re  presented 
i n  Figure 1. 
7.75 v o l t s  vith a maxinun of 7.94 vo l t s  and a minimum of 7.62 vol t s .  
The performance of the  c e l l  was considerably b e t t e r  t h m  the requirement 
which specified 6.8 v o l t s  a t  t h i s  current density.  

It  may be 

2 

Voltages generated by the ba t t e ry  and by each 

The average bat tery voltage during the run was approximately 
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The individual c e l l s  produced voltages which ranged from 0.836 t o  
0.721 volts .  
and +,hs bes t  three c e l l s  never produced less than 0.7.35 volts .  

Hote t h a t  t h e  bes t  c e l l  never dropped below 0.81 vo l t s  

Following the  evaluation run, i t  WiXS noticed t h z t  considerable improve- 
ment in  perfomatice occurred when ( a )  t h e  oxygen supply t o  the cathodes 
w a s  cu t  o f f ,  (b) the c e l l  o u t p t  voltages were then allowed t o  decl ine 
t o  zero and ( c )  oxygen feed t o  the  ba t t e ry  was restored. 
would increase the  battery o u t y t  voltage a t  24 amps/ft* from 7.75 

During the  next 18 hours, the ba t t e ry  gradually 
re t reated from t h i s  improved condition. Repeating the 0 deprivation - 
voltage decline - refeed y-ocedure a t  any time vould agafn bring t h e  
ba t t e ry  performance up t o  the maximum "improved" level .  A t  present, 
explznztions of the phenomenon are  purely conjectural .  

This procedure 

. vo l t s  t o  8.5 vol t s .  

A polzr izat ion curve was teken while the c e l l  w a s  i n  the improved con- 
d i t ion .  This is  reproduced i n  Figure 2. It can be seen that the  
voltage a t  24 mpts/ft2, 8.5 volts ,  is consilerzbly higher  thm any 
that was produced by tkis bat tery previously. 
density, tne two c e l l s  next t o  the end ?late6 showed considerably 
lover voli-ruges t h m  t h e  othpr ce l la  IA Ic~  - a s  +,ha@t 50 be due t o  
IR-losses i n  the terminal col lector  plates. Consequently, two points  
a r e  p lo t t -d  a t  the highest current density (90 aol.ps/ft2): 
i s  the measured voltage, the higher voltage is calculated assuming the t  
the  two end c e l l s  should proiuce a voltage equal t o  the average of the  
other e ight  c e l l s .  

A t  tne  highest current 

the lower 

The two slopes of t h i s  polarization curve correspond t o  specif ic  con- 
ductcrnces of 340 and 400 mhos/ft2. 
conductance of 369 mhos/ft2 calculated f o r  Eattery 3, which a l so  
had niobium col lector  and pusher p la tes .  As an average of these 
values, a consuctivity of 370 mhos/ft2 w i l l  be used i n  the design of 
the  2 Kw bat tery.  

These .we quite similar t o  the 

The polar izat ion curve corrected f o r  terminal losses  shown i n  Figure 3 
w a s  used t o  calculate  R power density curye. 
ba t t e ry  w i t h  t h i s  polarization curve i s  78 w a t t s  per square foot  for 
a single c e l l .  

The Feak power f o r  a 

This occurs a t  e current densi ty  of 177 mps/ft2. 

In several  previous ba t te r ies ,  it Ged been observed t h x t  the gaskets 
had. nlmost completely b lock4  the grts i n l e t  and ou t l e t  channels. To 
prevent t h i s ,  txe par t s  of the gaskets which normclly would be over 
the channels were cut m a y  on the gaskets between co l lec tor  p l a t e s  
and gns compartments. This r e su l t ed  i n  r e l a t ive ly  low gas-side 
pressure drops. These measurements are plot ted i n  Figure 4. The 
pressure drops r a g e d  from 14 t o  2% millimeters of w.ter, which 
appzrently was su f f i c i en t  for  adequate d is t r ibu t ion  of t h e  gases. 
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Liquid accumulation on tho hydrogen side,  Figure 5 ,  vas quite  regular 
throughout tho  run. 
grams of fI SO per hour were calculated from the accumulation curves. 

On the oxygen side, the picture  is  more confused. Several bre- 
occur i n  Yne accumulation curves and the  slopes vrlry from 2.36 t o  
5.08 gram of water per hour and from 0.675 t o  1.28 grams of :$so4 
per hour. During the run, the ba t te ry  acid concentration varied 
fram g.05i; t o  5.601~ 
coincide i n  such a manner tha t  a reasonable correlat ion can be estab- 
l ished a t  present. 

Vdues of 5.35 grams of water per hour and 2.34 
2 4  

:lowever, t he  var ia t ions do not eppear t o  

2. Battery 6 

To invest igate  t h i s  problem of l iquid accumulation, a f i v e  c e l l  stack 
was assembled for the specif ic  px-pose of es tebl ishing the dependence 
of water and acid accumulation r a t e s  on current density, e l ec t ro ly t i c  
concentretion and c e l l  temperrlture. 
and 63 q s / f t 2 ,  acid concentrations of ?-bout 3?, 611, 81-i End lU, and 
c e l l  temperatures of about 30% and 60% are being investigated. 

Current dens i t ies  of 12, 24, 40 

These data have not yet been worked up, but they are  t o  appear i n  the 
final report .  

V I  I T W  DELIVWED 

The following Item8 were delivered by TAPCO t o  i'ASA-Lewis Research 
Center on m y  10, 1963: 

1. The Ionic 's  Teo Cell D u a l  I.lcmbrcae Fuel Ccll Sattery.  

2. Instruct ions fo r  F i l l i n g  and Operzting Ionic 's  Ten 
C e l l  Dm1 Membrvle Fuel C e l l  Battery ( 2  copies) 



I 

FIPWCIAL REPORT 

f o r  

MAY - 1963 

(Contract XAS 3-2551) 

Submitted by 

IIEW PRODUCT RESEAilCS of T W O  

(Atkchmznt t o  Monthly Progress Report No. 11) 



FINATJCIAL REPORT 

for 

Contract NAS 3-2551 

f o r  

Period Ending May 31, 1963 

Current  To ta l  
Month To Date 

TRW Engineering fiours 

T R W  Costs and Commitments 

Subcontractor Costs and CQmmitments 

TOTAL 

267 2,332 

$ 4,119 $ 44,073 

$ 7,817 $ 161,017 



z 
N 
crl 
c 

c 

- 0  
9) f Y 

* -. 
El z -  : 
o o  

(z 
W 
m c y  
S 
=3 z 

- c  a J -  
Ql 
rg 

v ) w  3 :  

r 
. L m  

Y - <  
o a r -  

In 
0 
7 
Y 
v) 

N 
c 

L 
e 

3 
(z 

>. 
Y 
3 

n n 

c 

m 
c .- 
f 
0 
\o 

In 
L 
0 u 
(0 

I n 7  
Y O  3 c  
2 -  

c 

* c u  
N 

U 
c 
0 
Y .- 

am I 0 . -  

0 0 0 0  
N - N a  

;i& 
cn' x 
Y -  

L -  
a w  

- 2  - 









U L  

, o -  
C .  

q 



I 
U 

. 



1 

. '  

c 

X 
u .  
z o  - e  

f " .  
W 

. e. 


